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SYNPOSIS: The paper presents results of a study of horizontal and vertical movements of five highway 
embankments made up of red clay (red coffee soil) • The highway embankments studied ranged from 4m to 
15m in height. 
The study also involved laboratory testing of the red soils which form these embankments. 
Results of laboratory tests were used to compute cracking and collapse potentials of the embankments. 
Results of field investigations showed embankments to suffer horizontal as well as vertical movements. 
It was further established that in the case of the embankments, whose bituminous pavements had showed 
severe longitudinal surface cracks, the cracking observed was not due to slope failure but due to 
moisture migration and differential settlements which resulted from low placement moisture and 
density conditions of the embankment during construction. 
The red soils were found to be highly plastic, ~ysusceptible to cracking and were also very likely 
to collapse due to flooding. 
INTRODUCTION 
The function of a highway embankment is basic-
ally to provide support for the pavement system 
constructed above it. The design of a highway 
embankment generally involves establishing the 
height, side slopes, type of construction 
material to be used, and specifying placement 
conditions of moisture content and density to be 
achieved. An embankment may fail due to a 
number of conditions including:-
(i) presence of underground water which would 
undermine the embankment through seepage 
or lead to reduction in shear strength. 
(ii) poor foundation of low compressibility and 
consolidation characteristics leading to 
excessive settlements of the embankment. 
(iii) unsuitable material in the body of the 
embankment. 
(iv} poorly constructed e~b~nkment with insuf-
ficient compaction. 
This paper presents results of a study of hori-
zontal and vertical movements of five highway 
embankments of red clay. The paper also includes 
an analysis of the cause of longitudinal cracking 
of bituminous pavements constructed on red clay 
highway embankments. 
EXPERIMENTATION 
The paper presents results of both field studies 
of the selected highway embankments as well as 
laboratory tests carried out on the materials 
used in the construction of the embankments 
(Atibu, 1986). 
Field Studies 
Field studies involved instrumentation of high-
way embankments on sleeted test sites and 
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monitoring the movements of the embankments. 
Selected Test Sites 
The following five test sites were selected for 
this study:-
(1) Test Site ES7 on Limuru-Uplands Road 
This test site was selected on the Limuru-Uplands 
Road (on the Trans-African Highway) on a side 
hill red clay embankment whose height is about 
6 metres at the road centre line gradually 
diminishing in height towards one side and 
increasing in height on the other side to about 
13 metres at the bottom of the valley. The 
heavy duty bituminous pavement (asphaltic 
concrete) on this embankment showed severe 
longitudinal cracking on the road surface. 
(2) Subsite ES7 at Kamirithu 
This experimental site was selected on Limuru-
Uplands Road adjacent to test-site ES7 at 
Kamirithu. It had a similar red clay embankment 
of 6m in height and the bituminous pavement had 
similar longitudinal cracking on the road surface 
to test site ES7. 
(3) Test Site ES8 on Limuru-Uplands Road 
This test site was selected on Limuru-Uplands 
Road about 4 kilometres from test site ES7 and 
the embankment at this test site was made of red 
clay and had almost similar geometry to ES7. 
The bituminous pavement on the embankment suf-
fered from longitudinal cracking. 
(4) Test Site ES9 on Thuchi Nkubu Road 
This test site was selected about 7 kilometres 
from Nkubu towards Embu town. The embankment 
is about 15m high and is made up of red clay. 
There were no cracks on the bituminous pavement 
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surface (triple surface dressing) . 
(5) Test Site ES10 on Ruiru Nyanduma Road 
This test site was selected about 30 kilometres 
from Ruiru on this low volume road. The embank-
ment is about 4m high and constructed of red 
clay. There was no cracking on the road surface 
(single layer surface dressing). 
Measurements of Horizontal Movements 
Trenches were cut across the road pavement to a 
depth of 400mm. Then horizontal gauges were 
installed across the embankments as shown in 
figure 1. Backfilling of trenches was carefully 
done ensuring the backfilled material achieved 
same density as that of the original material. 
Periodic readings of the gauges were taken at 
the beginning and end of each season. Example 
of test results showing the movements observed 
for test site ES10 are shown in table 1. 
Measurements of Vertical Movements 
2m long vertical stakes were installed on the 
slopes of the embankments at 3m horizontal 
spacing whose levels were determined every three 
months (every month in the case of ES9) with a 
precise level to determine vertical movements 
of the embankments with time. Example of results 
of this study series for test site ES7 are shown 
in table 2. 
Laboratory Studies 
various laboratory tests were carried out in 
accordance with BS 1377 (197~ on red clay 
samples taken from cut slopes on embankments 
along Limuru-Uplands Road and Ruiru Nyanduma 
Road. The laboratory tests programme included 
soil classification, mineralogical, compaction, 
CBR, shear strength, consolidation, unconfined 
compression strength, swelling pressure, suction 
and permeability tests. Some of the results 
obtained from the laboratory test series are 
shown in tables 3 to 8. 
DISCUSSION OF RESULTS 
As observed from table 1 the embankments studied 
suffered from horizontal movements both inwards 
and outwards depending on the amount of rainfall 
r.eceived during the period under consideration. 
The outward movement which occured during the 
dry season was found to be more than the inward 
n:ovenent mich occured during the wet season. Table 2 shoos 
that the ~'\:li> set;tled:with .tj);oo. ,during the. test 
peri0d: .of . aboot 16· m:ntn.s. The settlenen1s observed :fran the 
field \>Jere :!Wrner than those eattmted fran coosolidaticn 
testresults. '!he red clay showed that about 98% is f:iner 
than. 0.075mn and plotted mainly below the A-line like 
silts of high plasticity. Mineralogical tests 
showed the red clay had about 66% metahalloysite 
in the case of Limuru-Uplands Road embankments 
and about 47% in the case of Ruiru Nyanduma Road 
embankment. Red clay specimens taken from Limuru 
Uplands embankments, compacted at 97% MDD on the 
dry side, showed collapse potential of about 12% 
which indicates that severe problem of collapse 
would be expected in respect of this red clay. 
Computations of cracking potential gave a value 
of about 31% which indicated the soil to be 
highly susceptible to cracking. 
Results of particle size distribution, plastic 
limit, optimum moisture content and cracking 
potential suggest that the red clays (red coffee 
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soil) in the embankments investigated are likely 
to pose problems when compacted on the dry side 
of the optimum moisture content. This may 
partially explain the longitudinal cracking which 
had occured along the Limuru-Uplands Road which 
has a heavy duty pavement (asphaltic concrete 
surfacing on bitumen macadam base laid on 
stabilized soft rock subbase on red clay subgrade) 
and developed longitudinal cracks within a year 
of opening the road to traffic. Investigations 
in the field showed that insitu moisture content 
in the embankments was as low as 80% of optimum 
and dry density was below the specified dry 
density (Atibu, 1986) at design stage. Due to 
these low placement moisture and density condi-
tions of embankments there was moisture migra-
tion depending on the prevailing weather so that 
when it rains there will be tendency for moisture 
to migrate from the slopes towards the centre of 
the embankments and when dry the moisture would 
migrate in the opposite direction. This moisture 
migration in the body of the embankment resulted 
in the horizontal movements that were measured 
in the field. These horizontal movements intro-
duced tensile strains in the body of the embank-
ment when the movement was outwards (i.e. during 
the dry season) • These tensile strains led to 
cracks developing in the embankment body and the 
same reflecting upwards causing longitudinal 
cracking of the bituminous pavement laid on the 
embankment. Slope stability analysis (Bishop, 
1955; Janbu, 1973) of the embankments gave 
factors of safety of about 3 indicating that the 
embankments were not in danger of slope failure. 
This study suggests that longitudinal cracking 
observed in the bituminous pavement was not due 
to slope stability failure but due to moisture 
migration and consequent differential settlement 
in the embankment which resulted in tensile 
cracking of the embankment which reflected 
upwards causing similar cracking in the bitumi-
nous pavement. 
CONCLUSIONS 
The study on horizontal and vertical movements 
of Red Clay (Red Coffee Soil) embankments leads 
to the following conclusions:-
(1) Highway embankments of red clay were found 
to move outwards during the dry season and in-
wards during the wet season. 
(2) Embankments of red clay were found to 
suffer from vertical deformations in the form of 
settlement with time. 
(3) The longitudinal cracking of the bituminous 
pavement on the embankments of red clay studied 
was found to be due to moisture migration and 
differential settlements resulting from low 
placement moisture content and density during 
the construction of the embankments. 
(4) The red clays (Red Coffee Soil) from the 
embankments studied were found to be highly 
plastic and plotted below the A-line. 
(5) The red clays from the embankments were 
found to be highly susceptible to cracking and 
also very likely to collapse due to flooding. 
(6) Mineralogical tests showed the red clays 
from the embankments studied to have between 
47 and 66% metahalloysite. 
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Tl\BLE5 
COMPACTION TEST RESULTS 
SOIL SOURCE LIMURU {LU) 'RUIRU {RN) 
SOIL TYPE RED COFFEE SOIL 
SAMPLl B.S. STANDARD COMPACTION HEAVY 
COMPACTION 
NO. SEI?AI<ME RE-USING SEI?AllATE BE-USING 
SliMPLES SAMPLE SAMPLES SAMPLE 
MOO <M: MOO <M: •• MOO <M: MOO <M: 
(kN/m'l {%) {kN/m'l (%) (kN/m'l {%) (kN/m') {%) 
W/1 12.02 42 
W/2 14.80 30 
W/3 12.40 41 12.20 42 
W/4 12.75 39 12.40 41 
!JJ/5 13.15 35 
W/6 10.10 54 11.23 47 11.12 
49 
W/7 12.83 37 
rJJ/8 13.55 3.2 
FN/1 12.95 37 
W/9 10.70 47 10.80 48 
W/10 15.05 22 15.00 24 
TAilLF. 7 







FIG. 1. MEASUREMENT Of HORIZONTAL EDGE MOVEMENT OF 
THE ROAD SUB-'GRAOE RELATIVE TO THE ROAO CENTRE LINE 
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7.471 1.752 :2.41~ 
0.718 1.089 0.515 
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TABLE 8 
SUMMARY OF COLLAPSE AND CRACKING 
CHARACTERISTICS OF LIMURU RED SOILS 
pRY DENSIT MOISTURE COLLAPSE CRACKING SWELLING 
(kN/m'l CONTENT POTENTIAl POTENTIAl POTENTIAL 
{%) (%) {%) (%) 
97% MOD 
(DRY SIDE) 12.00 34 12 
MDD 12.40 41 1 31 3.0 
97%MDD 
(WET SIDE) 12.00 44 0.6 
GUIDELINES ON COLLAPSE AND CRACKING POTENTIAL 
Collapse Potential Range Severity of Collapse Problem 
{CP) 
0- 1% No problem 
1 
-
5% Moderate problem expected 
5 - 10% Trou.ble expected 
10- 20% Severe trouble expected 
> 20% Very severe trouble expected 
Cracking Potential Range Susceptibility to Cracking: 
<10 No cracking expected 
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